1. The large com pressed tab lets o f pure hexoestrol used, possess a 'la b ile ' com ponent (that m ay or m ay n o t be located in th e surface zone), w hich is quickly lo st on subcutaneous im plantation or incubation w ith blood p lasm a or w ater. The rem aining surface is m uch less soluble. 9. T he effect, if a n y , o f gh ost form ation on th e linear absorption rate rem ains obscure.
Though m any workers have reported data for the to tal absorption in a given time from tablets of a variety of hormones im planted subcutaneously, intram uscu larly or intraperitoneally, few detailed studies of the actual kinetics of absorption have been made. Emmens (1941) and Forbes (1941 Forbes ( , 1942 Forbes ( a, 6, 1943 were responsible for the most extensive of these, which were mainly concerned with comparisons of the absorption rates of tablets of various hormones and with the effect of esteri fication on absorption rate.
The present investigation has arisen out of experiments on the artificial induction of lactation (Folley, Scott W atson & Bottom ley 1941) which have been in progress in this In stitu te for some time, m any of which involved subcutaneous im plantations of tablets of synthetic oestrogens into bovines. Detailed knowledge of the rate of absorption and eventual fate of such tablets was clearly desirable so th a t the experimental conditions in these lactation studies could be adequately controlled, and accordingly the present study of certain aspects of the kinetics of absorption of hexoestrol tablets was undertaken. A t first the absorption study was limited to the bovine, b u t later it was considered advisable to obtain comparative d ata on a variety of laboratory animals-the goat, rabbit, guinea-pig, pigeon and rat. For obvious reasons of convenience the la tter has been the experim ental animal of choice for the investigation of certain points arising in the course of the work.
Absorption of subcutaneously implanted tablets of 143 Ma t e r ia l s a n d m e th o d s
Tablets. The tablets, which were made by compression and were disk-shaped, thicker in the centre th an a t the edge, were supplied by Messrs Boots Pure Drug Co. Ltd. Tablets of various nominal weights ranging from 1000 to 15 mg. were used. The actual weights of members of a batch of tablets used in any given experiment naturally showed some variation about a mean value, which itself in most cases differed somewhat from the m anufacturer's nominal weight (see table 1 ). For convenience a given class of tablet is always referred to below by its nominal weight.
The small tablets (50, 25 and 15 mg.) consisted of pure raeso-hexoestrol. This also applied to the 1000 mg. tablets first used. Later, for ease of m anufacture, it was found necessary to incorporate 1 % of stearic acid as lubricant. This was done in the case of all the 250 and 500 mg. tablets and some of the 1000 mg. tablets. Since the small am ount of lubricant was evenly distributed throughout the tablet it is unlikely th a t the surface absorption phenomena to be described below were affected. This is borne out by the fact th a t data obtained in bovines w ith 1000 mg. tablets con taining lubricant showed no deviation from those obtained w ith similar tablets of pure hexoestrol. Later, tests with specially made 250 and 100 mg. tablets of pure hexoestrol showed th a t these tablets, on incubation w ith distilled w ater (see below), behaved in exactly the same way as tablets containing 1 % stearic acid.
Before use each tablet was brushed w ith a camel-hair brush to remove loose particles, weighed and in most cases its diam eter (2r), thickness a t the centre (t2) and edge (tj) measured w ith vernier calipers. The initial surface area, to which, r a t 13-3 13-3 31 l-'OOO
* T h e b o v in e serie s c o n s is te d o f tw e n ty -n in e im p la n ta t io n s , s o m e o f th e m m u ltip le . M e a su r e m e n ts a re o n ly a v a ila b le fo r e le v e n ta b le ts . T h e v a lu e fo r t h e m e a n w e ig h t, h o w e v e r , r e p r e se n ts t h e m e a n w e ig h t o f a ll th e ta b le ts u se d . f M ea su r e m e n ts a re a v a ila b le fo r s ix o f s e v e n t a b le ts u s e d in t h is se r ie s. T h e v a lu e fo r th e m e a n w e ig h t refers t o a ll s e v e n ta b le ts . | M ea su r e m e n ts o f t h e t a b le t s u s e d in t h is e x p e r im e n t w e r e n o t m a d e . T h e v a lu e s g iv e n refer t o t e n sim ila r ta b le ts ta k e n a t r a n d o m fr o m s t o c k .
The tablet densities which, however, m ust be regarded only as roughly approxi m ate on account of the difficulty of making accurate m easurements of such tablets, show a variation of about 12 %, from which it m ay be assumed th a t variations in absorption rate due to differences in compression would hardly exceed the experi m ental error of absorption determinations.
Tablet implantation and removal. All im plantations were subcutaneous. In the bovine, goat and rabbit, the tablets were inserted under local anaesthesia in the neck or shoulder; in the pigeon, also under local anaesthesia, they were im planted in the axilla. E ther anaesthesia was employed for the ra t and guinea-pig and im plantations made into the shoulder.
In some of the experiments on small animals one or two deaths occurred, b u t in no case did this appear to be directly due to the im plantation. The data from these cases were utilized since there seemed to be no reason to reject them.
After removal, the tablets were carefully cleaned, soaked in two or three changes of distilled water, left in w ater overnight and then dried to constant weight over CaCl2. They were then allowed to come to constant weight exposed to the atmosphere of the laboratory and the final weights recorded. On removal from the CaCl2 desiccator, the 1000 mg. tablets usually gained a few mg., smaller tablets gained proportionately less.
Ether extraction of tablets. In some cases the hexoestrol remaining in the tablets after removal from the animal was quantitatively extracted from the ghost (see Folley 1942 a and below) and weighed. This was done by immersion of the tablets, w ith frequent gentle shaking, in successive lots of ether a t room tem perature in glass-stoppered tubes. The extracts were drawn over into tared flasks by means of a fine bent-tipped siphon fused to a suction head w ith a standard ground-glass joint which fitted the flasks. Each tablet was extracted w ith successive lots of ether until all soluble m aterial had been removed.
T h e a b s o r p t io n c u r v e
Absorption of 1000 mg. tablets in the bovine. Twenty-nine im plantations were made into fourteen bovines (eight heifers, four cows and two steers belonging to the Ayrshire, Guernsey, Jersey and Dairy Shorthorn breeds). In five instances the im plant consisted of a single tablet, three of these being inserted a t different times into the same animal. In five cases two, and in one case three tablets were im planted on the same occasion into one animal b u t in separate pockets; these count as separate im plantations. Of the remaining eleven im plantations, there were six in which five tablets were im planted into the same pocket and five in which two tablets were im planted together (see caption to figure 1).
Percentage absorption is plotted against tim e in figure 1. A point of considerable interest concerning the shape of the absorption curve emerges a t once. I t will be seen th a t the curve, a t any rate from about 10 days onward, approximates to a straight line which, however, does not pass through the origin, b u t makes a positive intercept on the y-axis. The best-fit straight line for all except the first six points, calculated by the m ethod of least squares, is shown in figure 1 ; its equation is y = 0'16x+7-6. I t thus appears th a t under the conditions of these experiments a rapid burst of absorption occurs shortly after im plantation, certainly w ithin a few days or perhaps even hours, after which the curve follows a linear course over the remainder of the period studied (105 days). The absorption rate after a steady state has been reached is approxim ately 0*16% per day or, utilizing the m ean tablet weight (1018 mg.) corresponding to the 23 points used in calculating the linear equation, about 1*6 mg./day. I f absorption continued a t this rate, some 400 days would be required for complete absorption of one of these tablets. O A sin g le ta b le t im p la n te d .
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T w o ta b le ts im p la n te d in t o sa m e p o c k e t. A b so r p tio n p e r ta b le t ta k e n a s o n e -h a lf o f
t o t a l a b so r p tio n . C F iv e ta b le ts im p la n te d in t o sa m e p o c k e t. A b so r p tio n p e r t a b le t ta k e n a s o n e-fifth , o f t o t a l a b so r p tio n . © F i v e ta b le ts im p la n te d in t o sa m e p o c k e t; o n ly th r e e w e r e r e c o v e r e d in t a c t . T h e in itia l w e ig h t o f th e s e w a s ta k e n a s th r e e -fifth s o f t h e t o t a l in itia l w e ig h t. A b so r p tio n p e r t a b le t ta k e n a s o n e -th ir d o f t o t a l a b so r p tio n .
© F i v e t a b le t s im p la n te d in t o sa m e p o c k e t; o n ly o n e w a s r e c o v e r e d in t a c t . T h e in itia l w e ig h t o f th is w a s ta k e n a s o n e -fifth o f t h e t o t a l in itia l w e ig h t.
The unexpected finding th a t the absorption curve for large hexoestrol tablets in bovines differs in shape from the curves for small tablets of various hormones obtained by a num ber of workers (e.g. Emmens 1941) in the rat, is of great in terest. Em m ens's absorption curves for 40 mg. tablets of diethylstilboestrol and its esters in the ra t mostly approxim ate to straight lines passing through the origin. W here they bend a t all it is in the opposite sense from the curve shown in figure 1. O ther things being equal, the absorption rate a t any given instant m ust be pro portional to the surface area of the tablet. Theoretically, as absorption proceeds, loss of m aterial from the tablet will slowly reduce its area and hence the absorption rate (see figure 2 for theoretical curve). In actual fact, however, loss of m aterial from the surface m ay result in the production of irregularities which would increase the effective area and thus tend to increase the absorption rate. T hat the *manifold decrease in absorption rate, which in these experiments occurred shortly after im plantation, cannot be due to reduction in tablet area is evident from figure 2. This figure shows the theoretical rate of decrease in area w ith weight for 1000 and 15 mg. tablets, calculated from the formulae for tablet area and volume given above. The values for both classes of tablet were virtually identical. The experimental absorption curve bends a t approxim ately 8 % absorption, a t which point the reduc tion in area (from figure 2) is of the order of only 5 %. The possible mechanism of this phenomenon is discussed further below. p e r c e n t d ec r e a se in w e ig h t Figure 2 . R e la tio n s h ip b e tw e e n d e c r e a se in su r fa c e a r e a a n d w e ig h t o f 100 0 a n d 15 m g . h e x o e s tr o l ta b le ts . T h e p o in ts sh o w n in th e fig u re w e r e c a lc u la te d u s in g th e fo r m u la e for v o lu m e a n d su rfa ce a rea g iv e n in th e t e x t . T h e v a lu e s fo r 100 0 a n d 15 m g . ta b le ts w ere v ir t u a lly id e n tic a l.
Absorption of 500 mg. tablets in the goat. One full-grown virgin female goat was implanted, in the first instance, with a single tablet; later six tablets were im planted on the same occasion into separate sites and removed a t intervals. The absorption curve (figure 3) is of the same characteristic form as the one obtained for bovines. All points were used for calculation of the equation of the regression line (see figure 3) .
Absorption of 250 mg. tablets in the rabbit. One tablet was im planted into each of six male rabbits weighing 1470-2100 g. One rabbit died 10 days, and another 29 days after im plantation.
The results (figure 3) were somewhat variable, and it is regrettable th a t present circumstances limited the num ber of animals available. Little weight can be attached to the 20-day point, since in this animal the im plantation site became inflamed. Neglecting this doubtful point, all results save th a t for 38 days' im plantation, fall on a curve similar to those obtained for the bovine and goat. The regression line (see figure 3 ) was in this case drawn by eye.
Absorption of 250 mg. tablets in the guinea-pig. Each of twelve young male guineapigs weighing 305-405 g. received one tablet. One animal died from unknown causes after 10 days and no tablet could be found in another a t 65 days.
Except for the 51-day values, agreement between duplicate results was satis factory, the curve showing the same characteristics as those already considered (figure 3). The equation of the regression line (see figure 3) was calculated from the first eight points only.
Absorption of 250 mg. tablets in the pigeon. Twelve young W hite of unknown sex* were used, one tablet being im planted into each. The pigeons weighed 455-650 g. The results for 30 days and upwards were rather variable, b u t the curve again shows two phases and approximates to linearity between 5 and 30 days. The calculated equation for all points (figure 3) is not very different from th a t obtained from the first six points only. Absorption of tablets of various sizes in the rat. (a) 1000 mg. tablets. One tablet was im planted into each of six adult female hooded rats weighing 261-308 g. In this experiment a new type of absorption curve (figure 4) was obtained. Again there was initially a certain am ount of absorption, amounting to about 4 %, b u t thereafter no absorption could be detected. All points were used for calculation of the equation of the regression line (see figure 4) .
(b) 500 mg. tablets. Eight adult female hooded rats weighing 255-312 g. receive one tablet each. Two rats became ill and died after 22 and 27 days respectively. The absorption curve (figure 4) approximates to linearity and when extrapolated makes a positive intercept on the y-axis. The discordant 29-day point was om itted in calculating the equation of the regression line (see figure 4) . (c) 250 mg. tablets. Twelve female white rats weighing 180-250 g. were each implanted with one tablet. Three rats died a t 5, 6 and 23 days respectively. The first of these was partially eaten by its cage-mates and the tablet damaged. The absorption curve (figure 4) is linear from 5 to 30 days and thereafter bends upwards. Results up to and including 30 days' absorption were used for calculation of the regression equation (see figure 4).
Absorption of subcutaneously implanted tablets of 149
1000 mg. (d) 50 mg. tablets. Single tablets were implanted into twelve male white rats weighing 280-355 g. One ra t died after 9 days. The absorption curve (figure 4) is approximately linear up to 30 days and then bends towards the a;-axis. Unlike the curves considered above, this curve passes through or very near the origin. There is thus no evidence of an initial burst of absorption. The regression equation (see figure 4) was calculated from the determinations up to and including 30 days.
(e) 25 mg. tablets. Twelve female hooded rats weighing 212-269 g. received one tablet each. Three died with symptoms of jaundice a t 4,18 and 23 days respectively. The absorption curve (figure 4) shows similar characteristics to the curve for 50 mg. tablets. All the data were used for calculation of the equation of the regression line.
(/) 15 mg. tablets. Twelve female hooded rats weighing 214-296 g. we A single tablet was im planted into each. In this series one ra t died after 14 days. Again a linear absorption curve passing through, or very close to, the origin was Qbtained. The regression line calculated from all the d ata is given in figiire 4.
PlSCUSSION OF ABSORPTION DATA
Certain features of the results of these absorption studies can profitably be discussed a t this stage, b u t full discussion m ust of necessity be deferred until the results of experiments on the ether extraction of the tablets have been presented. The present discussion refers only to absorption d ata determined in the classical way, which therefore represent losses in weight suffered by the tablets during im plantation.
Perhaps the most interesting feature which emerges from the results is the di phasic nature of the absorption curve for 1000 mg. tablets in bovines, which has been confirmed for 500 mg. tablets in the goat and 250 mg. tablets in the rabbit, guineapig, pigeon and rat. In all these cases there was observed a short initial phase of rapid absorption followed by a phase of linear absorption a t a much reduced rate. The series of experiments w ith tablets of different sizes in the ra t provided a further interesting result in th a t diphasic curves were obtained w ith 1000, 500 and 250 mg. tablets.but not w ith 50, 25 and 15 mg. tablets, the la tter undergoing linear absorp tion from the start. The linear absorption curves observed in these la tter experi ments are similar to those obtained by other workers w ith tablets of various hor mones. The probable explanation of the apparent difference in the type of absorption curve for large and small tablets respectively will be discussed later.
In all cases in which a diphasic curve has been obtained, the linear phase, which probably represents the characteristic absorption rate for the class of tab let in question, has been found to be established w ithin 5 days of im plantation. Since no observations were made before 5 days had elapsed, the kinetics of absorption over the first 5 days are unknown. Consequently in no case have we any idea of the initial absorption rate save th a t it m ust be many times the linear rate, nor do we know accurately a t w hat point the first phase gives way to the second, nor how sharply the curve inflects.
As we have seen above, in all these cases, extrapolation of the absorption curves gives positive intercepts on the y-axis; these represent approxim ately the to tal percentage absorption during the initial phase of rapid absorption. The corre sponding absolute values, which are given together w ith the values of the in ter cepts in table 2, are of the order of 0* 1 m g./mm.2 for all experiments except th a t w ith 250 mg. tablets in the ra t which gave a somewhat lower figure.
The absorption rates of hexoestrol tablets in the various animals studied are given in table 3. In cases where diphasic curves were obtained the values represent the absorption rates during the linear phase, since, as will be seen later, there is good reason to believe th a t this, rather th a n the more rapid initial rate, represents the characteristic rate in any given case.
T a b l e 2. E stim a t ed total a b so r p t io n op h e x o e s t r o l TABLETS DURING THE INITIAL (RAPID) PHASE
m e a n in itia l t o t a l in itia l a b so r p tio n e x p e r im e n ta l t a b le t w e ig h t 
0-10 * T h e m e a n w e ig h t o f t h e t a b le t s u s e d in t h e tw e n ty -t h r e e im p la n ta tio n s t h e r e s u lts o f w h ic h w e r e u s e d fo r c a lc u la tio n o f t h e e q u a tio n o f t h e a b so r p tio n c u r v e (lin ea r p h a se ).
T a b l e 3 . A b s o r p t io n r a t e s of h e x o e s t r o l TABLETS DURING THE LINEAR PHASE
m e a n in itia l a b so r p tio n r a te e x p e r im e n ta l t a b le t w e ig h t 
* T h e m e a n w e ig h t o f t h e t a b le t s u s e d in t h e t w e n ty -t h r e e im p la n ta t io n s t h e r e s u lts o f w h ic h w e r e u se d fo r c a lc u la tio n o f t h e e q u a tio n o f t h e a b s o r p tio n c u r v e (lin ea r p h a s e ).
In the series of experiments on the rat, it is seen th a t, as expected, the absolute absorption rate increases w ith tablet size up to 250 mg. tablets. W ith larger tablets, however, the absolute rate unexpectedly falls sharply, until w ith 1000 mg. tablets no absorption subsequent to th a t occurring in the initial phase can be detected. The absorption rates per unit area, on the other hand, are fairly constant (they are probably constant w ithin the limits of experim ental error) for all tablets up to and including 250 mg., after which there is a sharp decrease to zero w ith 1000 mg. tablets. The approxim ate constancy of the absorption rates per u n it area for tablets ranging from 15 to 250 mg. offers striking experim ental confirmation of the theory th a t, other factors being equal, absorption rate m ust be proportional to surface area.
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An explanation of why this does not hold for 500 and 1000 mg. tablets may be sought in the rapid initial absorption phenomenon. The 500 and 1000 mg. tablets lost well over 40 mg. hexoestrol during the initial phase in the ra t (table 2)-it will be seen later th a t they actually lost considerably more. I t is possible th a t this am ount of hexoestrol was sufficient in the one case, and almost sufficient in the other, to saturate the body fluids of the host, or a t any rate the tissues in the vicinity of the tablet, for some time to come and thereby entirely prevent, or considerably retard, further absorption from the tablet.
The absolute absorption rates per unit area for other animals given in table 3 agree satisfactorily among themselves and with the values obtained w ith tablets weighing 250 mg. and less in the rat. There is no indication of correlation between absorption rate and size of the animal.
Any theory which is p u t forward to explain the rapid decrease in absorption rate w ithin 5 days of im plantation, which has been observed with tablets weighing 250 mg. and more in the present experiments, m ust also explain the apparent absence of this phenomenon with 50, 25 and 15 mg. tablets. Geist, W alter & Salmon (1940) were of the opinion th a t encapsulation retards tablet absorption and the phenomenon of encapsulation m ight be invoked to explain the initial falling-ofF in absorption were it not for the fact th a t this should apply to tablets of any size. Neither, as we have seen in the case of the bovine experiments, can the observed decrease in absorption rate be due to decrease in surface area of the tablet; the reasoning used for the bovine applies equally to all other cases in which diphasic curves have been obtained. F urther light on this problem, however, is provided by experiments to be described below.
Ghost fo rm a tio n
In the course of the experiments on bovines, it was noticed th a t tablets which had been im planted and subsequently carefully cleaned, were not completely soluble in ether. W hen such a tablet is gently refluxed with ether, or extracted in the cold, it appears not to dissolve, though it is obvious th a t hexoestrol is being extracted, since ' schlieren ' appear when the liquid is agitated. During extraction the appear ance of the tablet undergoes some change; it gradually becomes translucent and sometimes assumes a yellow tint. Frequently the tablet begins to float quite early in the course of extraction. The structure remaining after complete removal of the hexoestrol is of approximately the same shape and size as the original tabletperhaps a little smaller-b u t is soft and extremely fragile, so th a t it is easily frag m ented by agitation of the supernatant fluid. Structures from large tablets, when cut in two, appeared to be hollow. The name 'gh o st' was proposed for this type of structure in a preliminary communication (Folley 1942 a) .
In addition to hexoestrol tablets, ghosts have been observed in compressed tablets of diethylstilboestrol and testosterone propionate im planted into goats and bovines. Deanesly & Parkes (1943) have observed the presence of ghosts in com-pressed tablets of oestradiol, progesterone, testosterone and desoxycorticosterone acetate im planted into rats; similarly, Bishop & Folley (1943) have found them in compressed tablets of oestrone, oestradiol, testosterone and pregneninolone removed from hum an beings.
I t m ust be emphasized th a t the ghost is a structure laid down in the pores of the tablet and is invisible to the naked eye until the hormone has been extracted. I t is quite distinct from the fibrous-connective tissue capsule which usually forms round tablets in vivo. Conclusive confirmation of this opinion has recently been provided by Deanesly & Parkes (1943) , who have sectioned and stained a capsule and its contents after removal of the hormone.
Preliminary chemical examination of ghosts. On desiccation a t room tem perature, ghosts shrink considerably and form horny masses which can be ground to a fine powder. After desiccation, the ghost m aterial does not swell on immersion in water. I f a few mg. of this powder are heated on a m etal spatula, the mass swells and gives off a smell of burning wool. The substance is insoluble in water, in fairly con centrated acid and in alkali in the cold. I t dissolves to some extent on boiling with concentrated NaOH. On sodium fusion, positive tests were obtained for nitrogen, sulphur and phosphorus. X anthoproteic, Millon's, tryptophane and lead sulphide reactions were positive. The properties of the ghost m aterial resemble those of a scleroprotein.
Since the insolubility of the ghost protein m ight have been due to denaturation in the course of extraction, a num ber of tablets were, a t the suggestion of Dr N. W. Pirie, extracted a t about -5° C w ith a m ixture of equal volumes of dry alcohol and ether, in order to exclude as far as possible the danger of denaturation. The product so obtained appeared to be almost as insoluble as the protein obtained by extraction w ith redistilled ether a t room tem perature, though a small am ount of a biuret positive substance could be dissolved from it on shaking w ith water.
There is also evidence th a t hexoestrol tablets take up a small am ount of lipoid during im plantation. In some instances the ether extract from a 1000 mg. tablet was dissolved in pure ether, and the solution extracted w ith successive batches of N /2 NaOH until the aqueous phase gave no precipitate on acidification. The ether was then washed w ith w ater until the washings were neutral, dried over anhydrous N a2S 0 4 and the ether distilled off. In all cases a solid residue weighing a few mg. was obtained. The combined ether-soluble, non-phenolic residues from four 1000 mg. tablets, which had been implanted into bovines, were sent to Mr W. Lawson who identified the m aterial as neutral fat. I t is a t present impossible to say w hether this lipoid m aterial is loosely combined with the ghost protein or w hether it is extracted from the body fluids by the hexoestrol.
Possible mechanism of ghost formation. Rideal & Schulman (1939) found th a t oestrogenic phenols of the stilboestrol series exerted a ' tanning ' effect on a protein monolayer when injected beneath it, due to adsorption of the phenol by the protein layer. I t seems possible th a t ghost formation may be due to an analogous surface reaction between the m aterial of the tablet and protein in solution in the tissue fluid bathing it. The relatively enormous surface exposed by the fine pores of the tablet would appear to provide particularly favourable conditions for such a reaction. I t is also of some significance in this connexion to note th a t Pryor (1940) has shown th a t in the course of the hardening of the ootheca of the cockroach, a scleroprotein is formed by combination of a soluble protein with the quinone formed by oxidation of a dihydroxyphenol.
Support for the view th a t ghost formation is due to a physical or perhaps a chemical reaction between the hormone and soluble protein of the tissue fluids, is given by the fact th a t ghost formation also occurs vitro. Tablets of pure hexoestrol were incubated for 10 days in aqueous solutions of the following substances: haemo globin, ardein (a commercial preparation consisting chiefly of the globulin, arachin), bovine cervical mucus (a secretion rich in muco-protein), bovine blood serum, heparinized bovine plasma, egg albumin, caseinogen, gelatin and bacteriological peptone. A t the end of the incubation period the washed tablets were extracted with ether a t room tem perature. In all cases a ghost which simulated the original shape and size of the tablet was obtained. I t may be noted th a t ghosts obtained by im mersing hexoestrol tablets in bovine blood plasma differed from those formed in vivo in th a t after desiccation a t room tem perature, they swelled on immersion in water. These ghosts were not shells, b u t when bisected appeared to have permeated almost the whole tablet.
Quantitative ether extraction of hexoestrol tablets. In the earlier experiments on the ether extraction of used tablets, the weights of the completely extracted ghosts were obtained by direct weighing after drying to constant weight a t room tem perature. This m ethod which proved unsatisfactory on account of the technical difficulties associated w ith quantitative manipulation of amounts of the order of 20-50 mg. of a light powder, was later abandoned in favour of estimation of the weight of the ghost by the difference between the weight of the tablet and of the ether extract. Table 4 gives the dry weights of the ghosts obtained from six tablets im planted into bovines and, for comparison, the weights obtained by difference. As m ight be expected, the weights obtained by direct weighing are in all cases somewhat less th an the weights estim ated by difference. The former might be expected to be somewhat low on account of unavoidable losses during manipulation; this source of error is not likely to be so serious w ith the second method. N either set of values includes the weight of the ether-soluble, non-phenolic fraction which m ight or m ight not form p a rt of the ghost. Table 5 contains the weights of ether extract from a series of 1000 mg. tablets removed from bovines; the weights of the ghosts (by difference) are also given. A pparent absorption data from these and the 1000 mg. tablets referred to in table 4 all appear in figure 1. The figures give a slight indication of a progressive increase in the weight of the ghost over the first 10 days of the im plantation period, since the values for the first 11 days are smaller th an for tablets im planted for 17-105 days.
T a b l e 4 . Com par iso n of t h e w e ig h t s of ghosts fo r m ed in h e x o estr o l TABLETS AS DETERMINED DIRECTLY AND BY DIFFERENCE S. J. Folley n u m b e r a n d w e ig h t w e ig h t o f w e ig h t o f o f ta b le t(s ) b e fo r e g h o s t b y g h o s t b y d e s ig n a tio n e x tr a c tio n d ir e c t w e ig h in
Absorption o f subcutaneously im planted tablets of 155
T a b l e 5 . Com pa r iso n op t r u e a n d a p p a r e n t a b s o r p t io n of 1000 m g. In th e case o f m ultiple im plan tation s th e ta b lets were n ot w eighed in d ivid u ally before im p lan tation , h en ce in these three cases th e true and apparent absorption valu es are n o t know n.
HEXOESTROL TABLETS IMPLANTED INTO BOVINES
After 11 days there is no indication of a progressive increase in the weight of the ghost. The average weight of ghost for all tablets referred to in table 5 is 42*4 mg. The values for the 5-day ghosts make it evident th a t the m ajor portion of the ghost is formed within the first 5 days after im plantation.
The m ajority of the 250 mg. tablets used in the experiments on rats, guinea-pigs, pigeons and rabbits and the 50 mg. tablets im planted into rats were also etherextracted and for each experiment the mean weights of the ghosts obtained by difference are given in table 6. The tablets from rabbits are not those referred to in figure 2; they were the tablets used in a preliminary experiment. The mean values for guinea-pigs, pigeons and rabbits are in good agreement among themselves, b u t the mean for the ra t is somewhat lower. In each series the range is rather high.
Ghost formation and the absorption curve. I t is evident th a t in cases where ghost formation occurs, observed absorption values measured by the m ethod uniformly adopted in all previous studies, namely, by the loss in weight of the tablet during implantation, are in reality apparent values which are lower th an the true values by the weight of the ghost. Thus the absorption curves given earlier in this paper are apparent curves subject to correction for the weight of the ghost. The percentage error in the observed absorption value, if the weight of the ghost is neglected, may be considerable, particularly for short im plantation periods where the total absorp tion is relatively small. The percentage errors for a series of absorption determinations in bovines (1000 mg. tablets) are given in the last column of table 5, and it is seen th a t for im plantation periods up to 11 days the error in the estimate of total absorp tion may be of the order of 50 %, falling to about 15 % a t 77-105 days.
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w e ig h t o f a n im a l m g . e x tr a c te d r a n g e m e a n ta Thus, because of ghost formation, the apparent absorption curve is displaced downwards towards the aj-axis. In other words, for a curve of the type given in figures 1 and 3, the linear phase of which is represented by ah equation of the form y -ax+ b, the effect of ghost formation is to reduce b. The effect on the value of a would depend upon whether the ghost was laid down quickly in its entirety or added to progressively during the implantation period. In the latter event the observed a would be lower than the true value. The figures for the weights of ghosts present in tablets implanted into bovines for varying lengths of time (table 5) , together with similar data from the experiments on small animals, indicate, however, th a t the apparent slope would differ very little from the true value. This is borne out by figure 5 which shows observed and true absorption values for a series of 1000 mg. tablets implanted into bovines (data from table 5) and 250 mg. tablets in rats. Figure 5 also clearly illustrates the fact th a t the true value of the intercept b exceeds the apparent value.
Applying these arguments to the case of the curves of the form y = ax which were observed in the experiments with 50, 25 and 15 mg. tablets in rats, we see th a t the true curve must be of the form y = ax + b where b the curve is displaced vertically downwards when the weights of the ghosts are neglected. Thus the true curves for the small tablets should in theory exhibit the same diphasic characteristics as the curves for large tablets. The discrepancy between the two sets of results therefore in theory disappears.
From consideration of the mean weights of the ghosts found in tablets of different sizes expressed as percentages of the nominal initial tablet weights (table 6), it will be seen th a t the mean relative weights of the ghosts tend to decrease with tablet size, though this cannot be regarded as firmly established since the experimental error in working with the 50 mg. tablets m ust be considerable. ts r e p r e se n t tr u e a b so r p tio n v a lu e s d e te r m in e d b y e th e r e x t r a c tio n o f th e ta b le ts a fte r im p la n t a t io n ; c ir c le s r e p r e se n t lo s se s in w e ig h t o f th e ta b le ts d u r in g im p la n ta tio n (a p p a r e n t a b so r p tio n v a lu e s ).
I f this decrease is real, it means th a t, contrary perhaps to expectation, true and apparent absorption curves show less divergence in the case of the smaller classes of tablet th an in the case of the larger ones. In fact it transpires th a t in the experiment with 50 mg. tablets, the two curves could hardly be distinguished experimentally, since the equation of the line joining the true absorption values is = 0-97x4-1*6 as compared with y = 1 • 05x -1-1 for the apparent values, a difference which is pro well w ithin experimental error.
In experiments w ith the smaller sizes of tablet, therefore, correction for the weight of the ghost makes no detectable difference to the characteristics of the absorption curve. Nevertheless the conclusion is inescapable th a t if the observed curve does in • o o O fact pass through the origin, the true curve cannot do so. In such a case the true curve, if extrapolated, m ust make a positive intercept, however small, on the y-axis which could be revealed experimentally if experimental error could be sufficiently reduced. The difference between the two classes of absorption curve obtained in the present study is thus seen to be a difference of degree rather th a n of kind. Another possibility should be mentioned-th a t the experimental curves actually make small intercepts on the rc-axis which are annulled when correction is made for the weights of the ghosts. This alternative is, perhaps, less probable th an the one discussed above. I t is evident from w hat has just been said th a t the values for the to tal absorption during the initial phase given in table 2, which were estim ated from absorption results uncorrected for the presence of ghosts, m ust be too low by amounts ranging from about 2 % of the mean tablet weight for small tablets to about 4 % of the mean tab let weight for 1000 mg. tablets.
Ghost formation and absorption rate. We have seen above th a t the sharp bend in the absorption curve which, w ith the larger tablets, occurs shortly after im planta tion, cannot be ascribed to the decrease in the surface area of the tablet consequent upon absorption, though the phenomenon of encapsulation which was observed in m ost experiments, m ay be involved. W hen ghost formation was discovered it seemed th a t this phenomenon m ight afford an explanation of the experimental findings, since the infiltration of the pores of the surface layer of a tab let w ith a very insoluble selenoprotein, very probably intim ately united to the surface of the oestrogen, would be expected to interfere w ith absorption. Since, as we have seen, the m ajor portion of the ghost is formed w ithin a few days of im plantation, a t approximately the tim e when the absorption curve bends sharply downwards, the possibility of a causative relation between the two events is w orth considering. On the basis of knowledge then existing, it was pointed out in a preliminary communication (Folley 19426 ) th a t, if this were so, tablets which have already been im planted once, should, on re-im plantation, lose less weight in a given tim e th an unused tablets. This deduction was tested in two experiments on bovines. In one heifer, two used and two unused hexoestrol tablets were im planted into separate subcutaneous pockets, one tablet of each kind going into each side of the neck. Six tablets were similarly im planted into another, the six consisting of two unused ones, fwo which had previously been im planted once and two which had undergone two previous im plantations. The results (table 7) show conclusively th a t more hexoestrol is absorbed in a given tim e from new tablets th an from those which have been previously im planted and thus contain ghosts. I t may be well to point out th a t though in both experiments the used tablets were some 15 % lighter in initial weight th a n the unused ones, from which it follows (figure 2) th a t their initial surface areas were about 12 % less, the lower absorption of the used tablets cannot be accounted for on this basis. \ Since ghost formation occurs in vitro it was of obvious interest to see whether tablets which had been incubated w ith bovine blood plasma would, on im plantation, behave similarly to tablets im planted for the second time. Two unused hexoestrol tablets and two which had been incubated for 5 and 20 days respectively w ith heparinized bovine blood plasma were therefore im planted into separate sites in a heifer. The results given in table 8 show th a t tablets which had previously been incubated in plasma undergo less absorption in a given tim e th an new tablets. Other experiments, in which hexoestrol tablets were incubated for various periods in heparinized bovine plasma or in distilled water, showed th a t, under these con ditions, the tablets suffer an initial loss in weight after which very little further solution of the tablet could be detected. This initial weight loss, which occurs shortly after the beginning of the experiment and, for 250 mg. tablets, is of the order of 9 % of the initial weight of the tablet, is clearly reminiscent of the initial phase observed in the animal experiments reported in a previous section. The results of one such experiment, in which the solvent fluids were renewed a t intervals in an attem p t to simulate to some extent the conditions of absorption in the body, are given in table 9. Ten 250 mg. hexoestrol tablets were each incubated a t 37° w ith 5 ml. heparin ized bovine plasma and ten with 5 ml. distilled water. Each tube was gently shaken once daily and the w ater and plasma renewed every 48 hr. Tablets were removed from the tubes a t suitable intervals and processed for weighing in the usual way. In this experiment, an initial loss of weight of the same order as the total apparent absorption occurring in the initial phase in the animal experiments in which 250 mg. tablets were used, occurred w ithin the first 2 days, b u t it is clear th a t the solvents were not renewed and agitated frequently enough to produce a progressive weight loss analogous to the linear phase observed in the animal experiments. The slight progressive weight loss observed in the tablets incubated in plasma was probably due to a slight increase in the pH of the refrigerated stock plasma from which the tubes were periodically replenished. The results of this series of experiments do suggest, however, th a t the in vivo transition from the initial phase of rapid absorption to a phase of much lower absorption velocity is quite unconnected w ith ghost formation, since tablets show the same behaviour in water, from which they cannot acquire the m aterial for ghost formation, as in plasma.
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The further interesting possibility arising from these last results, th a t tablets which had been incubated w ith distilled w ater would undergo less absorption in vivo in a given tim e th a n unused tablets, was investigated by implanting the, two series of tablets used for the experiment just described, together w ith a control series of new ones, into three groups of male guinea-pigs weighing 683-904 g. The results which are given in figure 6 show th a t not only do tablets which have been incubated w ith blood plasma undergo less absorption in a given tim e th an unused tablets, b u t w ater-treated tablets behave similarly.
Discussion of the possible role of ghost formation in absorption. The errors in observed absorption data due to neglect of the weights of the ghosts present in the tablets have been dealt w ith above and no further discussion of this aspect is neces sary save to point out th a t most, if not all, of the absorption figures given in the literature to date m ust be, to some extent, low. The possible direct effect of ghost formation on the absorption process itself, however, needs further consideration in the light of the evidence presented in the preceding section.
The implications of the experimental finding th a t tablets incubated in water quickly lose an am ount of m aterial comparable w ith the am ount lost by similar tablets during the initial phase of absorption in vivo, and thereafter show a much reduced absorption in vivo compared with the absorption from new tablets, are most significant for the present discussion. This evidence disposes of the possibility th a t the rapid falling off in absorption rate which quickly follows im plantation has any connexion with ghost formation. On the contrary, all the evidence p u t forward in the preceding section suggests th a t the rapid initial absorption phase is due to an in herent property of the tablet itself. I t would seem th a t tablets of the type used in this work easily lose a ' labile ' component when brought in contact w ith body fluids d a y s im p la n te d or w ith suitable fluids in vitro and it is evident th a t the reduced to over a given time shown by tablets im planted for a second time, or after incubation w ith blood plasma or water, m ust be due to loss of the ' labile ' component during the first treatm ent. The surface which remains after the 'labile' component is lost, is evidently many times more insoluble th an the original surface. The available evidence does not give any indication w hether the ' labile ' component is concentrated in the original surface zone of the tablet or whether it is distributed evenly throughout the m atrix. If we are dealing with a 'labile ' surface layer, the present results suggest th a t it is of the order of 0*1 mm. in thickness. I t is not possible a t present to offer any more detailed explanation of w hat is possibly a complex physico-chemical phenomenon than to speculate th a t unknown factors associated w ith the conditions of m anufacture of the tablets may be involved. The explanation may well lie in the physical properties of the materials from which the tablets are made and their behaviour under compression.
I t is w orth noting, as a point of possible significance, th a t among the various sizes of tablet, there exists a fairly close parallelism between the proportion of the tablet existing as the ' labile ' component and the relative weight of the ghost formed during im plantation. I t is precisely those tablets in which the ' labile ' component is of least importance which form ghosts to the smallest extent. This suggests th a t possession of the ' labile ' component and the ability to form ghosts may be connected -indirectly-in the, sense th a t both depend on some common chemical or physical property of the tablet.
As regards the question of whether the formation of the ghost has any effect on the linear absorption rate which obtains once t h e £ labile ' component has come away, it is difficult to see how this can be investigated until a m ethod of preventing ghost formation can be devised which itself has no effect on the absorption process.
I t is of interest to consider briefly the results shown in figure 6 in the light of the situation regarding tablet absorption as it has now emerged. In general term s it is possible to forecast the type of results to be expected from the vivo im plantation of the three series of tablets used in the experiment under discussion. The unused tablets should give an absorption curve of the familiar diphasic type. Thea curves for the plasm a-treated and w ater-treated tablets should show no initial phase since these tablets had lost th e ir £ labile ' components before im plantation. These two series of tablets differ, however, in th a t before im plantation the plasm a-treated ones contained ghosts while the w ater-treated ones did not. The losses in weight of the former series of tablets, therefore, represent true absorption values while those undergone by the la tter are apparent values subject to correction for ghost content. One would expect, therefore, th a t the absorption curve for the plasm a-treated tablets should pass through the origin, while the observed curve for the w ater-treated tablets should make an intercept on the ic-axis. In spite of imperfections due to experimental error, it is evident th a t in principle the results agree w ith expectation in all the above respects.
The results described in this paper open up certain practical possibilities. In the first place, it is evident th a t for purposes requiring an initial high dose of hormone followed by a continuous and smaller dosage over a prolonged period, tablets pos sessing similar properties to those used in this work would be ideal. On the other hand, if it is desired to adm inister continuously a dose a t a rate which is approximately constant from sta rt to finish of the treatm ent, a type of tab let which does not possess a 'labile ' component would be needed. The former type of tablet could be converted into th e 'la tte r by immersion in blood plasma, protein solutions or water, before im plantation. Plasma-or protein-treated tablets would possess the further advan tage th a t the true average absorption fate obtaining throughout any given experi m ent would be given directly by the loss in weight of the tablet. These considerations apply to large tablets of hexoestrol; w hether or not they are applicable to tablets of other substances is a m atter for future experiment.
In conclusion, a word on the possible role of encapsulation may not be out of place since the above reasoning applies equally to this phenomenon. The early falling off in the in vivo absorption rate cannot be due to the formation of a capsule and we cannot decide whether or not encapsulation in general reduces the linear absorption rate in the absence of a m ethod of preventing encapsulation. Where outstandingly tough, avascular, fibrous capsules are formed one would expect absorption to be retarded or perhaps completely prevented as suggested by Geist, W alter & Salmon (1940) . In support of this it may be mentioned th a t, in his absorption studies, Forbes (1941) noted th a t abnormally low values for absorption were associated w ith the formation of especially tough capsules and similar observations have been made in man by Bishop & Folley (1943) . The consensus of available evidence indicates th a t this type of capsule is rather the exception than the rule, its formation being due to conditions which have not yet been analysed. 
